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(54) FILTER 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a small-sized 
dielectric waveguide band pass filter with a low loss that 
has a small characteristic change in the case of 
mounting. 

SOLUTION: Conductor layers 2a, 2c are formed on a 
front side and a rear side of a dielectric board 1 and 
connected to upper lower conductor layers 2a. 2c via 
via-holes 3a. At least two lines of the via-holes 3a are 
formed along a signal propagation direction. Resonators 
are configured by forming via-holes 3b in a dielectric 
waveguide consisting of the upper lower conductor 
layers 2a, 2c and the via-holes 3a at an interval of 1/2 
of a guide wavelength or below along the signal 
propagation direction. Furthermore, by coupling the 
resonators adjacent to each other via the via-holes 3b 
configuring the inductive window, the dielectric band 
pass filter is configured. Moreover, a coplanar line 4 
using the conductor layer 2a for ground and the 
conductor layer 2b for a signal conductor is provided 

onto a front side of the dielectric board 1 in a way of bridging over the inductive window formed 
by the via-holes 3b. 
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(54) FILTER 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a small-sized 
dielectric waveguide band pass filter with a low loss that has 
a small characteristic change In the case of mounting. 
SOLUTION: Conductor layers 2a, 2c are formed on a front 
side and a rear side of a dielectric board 1 and connected to 
upper lower conductor layers 2a, 2c via via-holes 3a. At 
least two lines of the via-holes 3a are formed along a signal 
propagation direction. Resonators are configured by forming 
via-holes 3b in a dielectric waveguide consisting of the 
upper lower conductor layers 2a, 2c and the via-holes 3a at 
an interval of 1/2 of a guide wavelength or below along the 
signal propagation direction. Furthermore, by coupling the 
resonators adjacent to each other via the via-holes 3b 
configuring the inductive window, the dielectric band pass 

filter is configured. Moreover, a coplanar line 4 using the conductor layer 2a for ground and the 
conductor layer 2b for a signal conductor is provided onto a front side of the dielectric board 1 in 
a way of bridging over the inductive window formed by the via-holes 3b. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The filter characterized by establishing a planar track in the front face of said up conductor layer 
or said lower conductor layer at least in the filter which has an up conductor layer and a lower conductor 
layer on a dielectric substrate front face, and has the dielectric-waveguide structure where the waveguide 
side attachment wall and the inductive window were formed with the conductor which connects said up 
conductor layer and said lower conductor layer. 

[Claim 2] The beer hall which connects said up conductor layer and said lower conductor layer of said 
dielectric substrate front face At least two or more trains of beer hall trains formed in the propagation 
direction of a signal by making a train or less [ of the guide wave length in a request band ] at intervals of 
1/2 are formed. The filter according to claim 1 with which the inductive window which combines between 
the resonators in the waveguide which consists of fields surroimded by said beer hall train, said up 
conductor layer, and said lower conductor layer is characterized by being formed of a beer hall. 
[Claim 3] The filter according to claim 1 or 2 characterized by for the planar track on said dielectric 
substrate straddling said at least one inductive window, forming it in said up conductor layer or said lower 
conductor layer, and said planar track constituting a transmission line. 

[Claim 4] A filter given in one claim of claims 1-3 characterized by being the KOPURENA track where said 
planar track formed in said dielectric front face consists of two coupling slots formed along the propagation 
direction of the signal which spreads the inside of said waveguide. 

[Claim 5] the signal which constitutes said KOPURENA track — the gland of the both sides of a conductor - 
- a conductor ~ between — a conductor — the filter according to claim 4 characterized by a piece connecting. 

[Claim 6] the conductor for filter adjustment in the conductor of the both sides of the slot which constitutes 
said planar track — a filter given in one claim of claims 1-5 characterized by a piece connecting. 
[Claim 7] said KOPURENA track — at least ~ one side — an open end — it is — said signal — from the open 
end of a conductor — separating — the 1st conductor — a piece forms ~ having — said 1st conductor — a 
piece and said signal — the 2nd conductor for filter adjustment in a conductor — the filter according to claim 
4 or 5 characterized by a piece connecting. 

[Claim 8] A filter given in one claim of claims 1-7 characterized by having a KOPURENA track for I/O of a 
signal, and KOPURENA waveguide conversion structure. 

[Claim 9] the conductor formed on the flip chip mounting substrate — the conductor which constitutes said 
planar track by the piece and the bump ~ a filter given in one claim of claims 5-8 characterized by 
connecting between. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the filter which has the dielectric-waveguide structure 

where it is used as RF components. 

[0002] 

[Description of the Prior Art] There is quarter- wave length of a microstrip or a KOPURENA track or a filter 
which used the 1/2-wave resonator as filter of the conventional type used by the RF as a flat-surface mold 
filter which can expect a small thing. Moreover, there is a small dielectric-waveguide mold filter in the 
waveguide filter which can expect to be low loss compared with rectangular waveguide. For example, with 
the dielectric-waveguide mold filter given in JP,1 1-284409, A shown in drawing 1 1, conductor layers 2a and 
2c are formed in the vertical front face of the dielectric substrate 1, and the waveguide consists of 
connecting by up conductor-layer 2a and beer hall train 3a which formed lower conductor-layer 2c so that 
the spacing Ip of the propagation direction of a signal might become 1/2 or less [ of the guide wave length ]. 
Furthermore, the filter is realized by forming beer hall 3b which constitutes an inductive window in the 
constituted waveguide or less [ of the guide wave length ] at intervals of 1/2 (11, 12, 13, 14). 
[0003] 

[Problem(s) to be Solved by the Invention] in order that [ however, ] an electromagnetic wave may 
concentrate a flat-surface mold filter on a narrow field — a conductor — since loss became large by loss or 
dielectric loss and it spread also besides the dielectric substrate with which an electromagnetic wave 
constitutes a flat-surface mold filter, when mounted in a package, it was influenced of the package and there 
was a problem that a filter shape changed. Moreover, when it was going to realize the filter which has a 
steep out-of-band oppression property in JP,1 1-284409, A with the dielectric-waveguide mold filter of a 
publication, the number of stages increased, size becomes large and, as a result, there was a problem that it 
became difficult to acquire the property designed with manufacture precision. This invention was made in 
consideration of such a situation, its property change at the time of mounting is small, and it aims at offering 
a low loss filter small. 
[0004] 

[Means for Solving the Problem] In order to solve the above problem, invention according to claim 1 is a 
filter characterized by establishing a planar track in the front face of an up conductor layer or a lower 
conductor layer at least in the dielectric- waveguide mold filter in which a waveguide side attachment wall 
and an inductive window are formed with the conductor which has an up conductor layer and a lower 
conductor layer on a dielectric substrate front face, and connects an up conductor layer and a lower 
conductor layer. In invention according to claim 1, the beer hall which connects the up conductor layer and 
lower conductor layer of a dielectric substrate front face invention according to claim 2 At least two or more 
trains of beer hall trains formed in the propagation direction of a signal by making a train or less [ of the 
guide wave length in a request band ] at intervals of 1/2 are formed. The inductive window which combines 
between the resonators in the waveguide which consists of fields surroimded by the beer hall train, the up 
conductor layer, and the lower conductor layer is characterized by being formed of a beer hall. In invention 
according to claim 1 or 2, the planar track on a dielectric substrate straddles at least one inductive window, 
and is formed in an up conductor layer or a lower conductor layer, and invention according to claim 3 is 
characterized by a planar track constituting a transmission line. Invention according to claim 4 is 
characterized by being the KOPURENA track which consists of two coupling slots formed in one claim of 
claims 1-3 along the propagation direction of the signal with which the planar track formed in the dielectric 
front face spreads the inside of a waveguide in invention of a publication, the signal with which invention 
according to claim 5 constitutes a KOPURENA track in invention according to claim 4 ~ the gland of the 



both sides of a conductor — a conductor ~ between ~ a conductor — it is characterized by a piece 
connecting, the conductor for filter adjustment in the conductor of the both sides of a slot with which 
invention according to claim 6 constitutes a planar track in invention of a publication in one claim of claims 
1-5 — it is characterized by a piece connecting, invention according to claim 7 invention according to 
claim 4 or 5 — setting — a KOPURENA track - at least — one side ~ an open end - it is - a signal -- from 
the open end of a conductor ~ separating ~ the 1st conductor — a piece forms — having — the 1st conductor - 
- a piece and a signal ~ the 2nd conductor for filter adjustment in a conductor ~ it is characterized by a piece 
connecting. Invention according to claim 8 is characterized by having a KOPURENA track for I/O of a 
signal, and KOPURENA waveguide conversion structure in invention given in one claim of claims 1-7. the 
conductor with which invention according to claim 9 was formed on the flip chip mounting substrate in 
invention of a publication at one claim of claims 5-8 — the conductor which constitutes a planar track by the 
piece and the bump — it is characterized by connecting between. 
[0005] 

[Embodiment of the Invention] The gestalt of operation of the 1st of this invention is explained to a detail 
using drawing 1. Drawing 1 (a) is the plan of a filter base plate, and drawing 1 (b) is the sectional view of 
alternate long and short dash line A- A' in drawing 1 (a). Conductor layers 2a and 2c are formed in the front 
face in the dielectric substrates 1, such as a ceramic, and a rear face, and up conductor-layer 2a and lower 
conductor-layer 2c are connected to them by beer hall 3 a which penetrates the dielectric substrate 1. Two or 
more at least two trains of this beer hall 3a are formed along the propagation direction of a signal. In order 
for the field surrounded by up conductor-layer 2a, lower conductor-layer 2c, and beer hall 3 a to constitute a 
waveguide from a request band, the spacing Ip of a direction parallel to the propagation direction of the 
signal of beer hall 3 a needs to be 1/2 or less [ of the guide wave length in a request band ]. Furthermore, in 
order to control enough loss by the radiation from between beer hall 3a, it is desirable that it is 1/4 or less 
[ of the guide wave length ]. The section across which it faced by beer hall 3b serves as a resonator by 
forming beer hall 3b along the propagation direction of a signal in a dielectric waveguide or less [ of the 
guide wave length ] at intervals of 1/2 (11, 12, 13, 14). Moreover, it is joining together through beer hall 3b 
which constitutes the inductive window between adjacent resonators, and it constitutes the dielectric band- 
pass filter. 

[0006] furthermore, the inductive window formed in the front face of the dielectric substrate 1 of beer hall 
3b is straddled — as — conductor-layer 2a — a gland and conductor-layer 2b — a signal — the KOPURENA 
track 4 used as a conductor is formed. Of this, the transmission line of a secondary both-ends short circuit 
whose die length Icpwl is about [ of the guide wave length ] 1/2 is formed to the waveguide which is a 
principal ray way. A filter shape in case there is nothing with the case where a secondary transmission line is 
shown in drawing 12 is shown. By adding a secondary transmission line, an attenuation pole can be 
introduced outside a passband and an out-of-band oppression property can be greatly improved so that 
drawing 12 may see. Consequently, when acquiring a predetermined oppression property, compared with 
the case where a secondary transmission line is not formed, the number of stages of a filter can be reduced 
and a miniaturization becomes possible. Die length Icpwl like the gestalt of the 3rd operation shown in the 
transmission line of both-ends disconnection whose die length Icpwl like the gestalt of the 2nd operation 
shown in drawing 2 is about [ of the guide wave length ] 1/2, and drawing 3 can introduce this attenuation 
pole also according to the transmission line of the single-sided short circuit which is about [ of the guide 
wave length ] 1/4, and single-sided disconnection. Moreover, two or more transmission lines may be 
established like the gestalt of the 4th operation shown in drawing 4. A filter shape in case the track length 
Icpwl and lcpw2 of the KOPURENA track 4 in drawing 4 differs is shown in drawing 13. As shown in 
drawing 13, by changing the track length Icpwl and lcpw2 independently, an attenuation pole can be 
controlled independently and the outside of a band can be oppressed over a wide band, changing the die 
length of the KOPURENA track 4, although the example an attenuation pole turns on the low frequency side 
of a passband was shown here — a RF side — or it is shown in drawing 14 — as ~ a low frequency side and a 
RF side — respectively — being also alike — it can introduce. 

[0007] Drawing 5 is used and the configuration which can adjust the property of a filter is explained as a 
gestalt of the 5th operation. Drawing 5 (a) is the plan of a filter base plate, and drawing 5 (b) is the sectional 
view of alternate long and short dash line B-B' in drawing 5 (a), conductor-layer 2a which constitutes the 
gland of the KOPURENA track 4 by the bonding wire 7, and a signal — the too hastily connecting point of 
the KOPURENA track 4 of the both-ends short circuit which is the secondary transmission line can be 
moved by connecting conductor-layer 2b which constitutes a conductor. By this, the frequency in which an 
attenuation pole appears can be changed and a filter shape can be adjusted. A golden ribbon etc. can also be 
used as a substitute of a bonding wire 7. Or in case a conductor layer is formed in the front face of the 



dielectric substrate 1 , it is also possible to form the air bridge which connects conductor-layer 2a and 
conductor-layer 2b beforehand, and to adjust a filter shape by removing it. 

[0008] Next, drawing 6 is used and other configurations which can adjust the property of a filter are 
explained as a gestalt of the 6th operation. Drawing 6 (a) is the plan of a filter base plate, and drawing 6 (b) 
is the sectional view of altemate long and short dash line C-C in drawing 6 (a), a signal — the location 
distant firom conductor-layer 2b which constitutes a conductor — a conductor — two or more pieces 8 are 
formed beforehand, a bonding wire 7 — this conductor ~ the opening point of the KOPURENA track 4 of 
the both-ends disconnection which is the secondary transmission line can be moved by connecting a piece 8 
and conductor-layer 2b. This can adjust a filter shape like a short circuit edge. 

[0009] In the gestalt of the above operation, the parasitic slot line mode spreads the KOPURENA track 4 
which is a secondary transmission line, and a filter shape may be degraded. Drawing 7 is used and the 
configuration which controls the parasitic slot line mode as a gestalt of the 7th operation is explained. 
Drawing 7 (a) is the plan of a filter base plate, and drawing 7 (b) is the sectional view of altemate long and 
short dash line D-D' in drawing 7 (a), a bonding wire 7 — the signal of the KOPURENA track 4 ~ between 
conductor-layer 2a of the both sides of conductor-layer 2b which constitutes a conductor is connected. 
Thereby, the potential difference between conductor-layer 2a of the both sides of conductor-layer 2b is lost, 
and the slot line mode can be controlled. 

[0010] The gestalt of operation of the 8th of this invention is explained to a detail using drawing 8. Drawing 
8 (a) is the plan of a filter base plate, and drawing 8 (b) is the sectional view of altemate long and short dash 
line E-E' in drawing 8 (a). Conductor layers 2a and 2c are formed in the firont face in the dielectric substrates 
1, such as a ceramic, and a rear face, and up conductor-layer 2a and lower conductor-layer 2c are connected 
to them by beer hall 3 a which penetrates the dielectric substrate 1. Two or more at least two trains beer hall 
3a is formed along the propagation direction of a signal. In order for the field surrounded by up conductor- 
layer 2a, lower conductor-layer 2c, and beer hall 3a to constitute a waveguide from a request band, the 
spacing Ip of a direction parallel to the propagation direction of the signal of beer hall 3a needs to be 1/2 or 
less [ of the guide wave length in a request band ]. Furthermore, in order to control enough loss by the 
radiation fi-om between beer hall 3a, it is desirable that it is 1/4 or less [ of the guide wave length ]. The 
section across which it faced by beer hall 3b serves as a resonator by forming beer hall 3b along the 
propagation direction of a signal in a dielectric waveguide or less [ of the guide wave length ] at intervals of 
1/2 (11, 12, 13, 14). Moreover, it is joining together through 3b which constitutes the inductive window 
between adjacent resonators, and it constitutes the dielectric band-pass filter. I/O of a signal can be made 
into a KOPURENA track and the KOPURENA- waveguide conversion 5 formed in the fi-ont face of the 
dielectric substrate 1 can adjust degree of coupling with the exterior of a filter. By making I/O into a 
KOPURENA track, integration with flat-surface circuits, such as MMIC (Monolithic Microwave Integrated 
Circuit), is attained, and flip chip mounting which high firequency is sufficient as and is used is also attained. 

[001 1] It is expectable that it does not almost have change of a property also when most electromagnetic 
waves carry out flip chip mounting, in order to spread the inside of a waveguide. Moreover, radiation in a 
substrate edge can be reduced by leaving a connection part with the exterior for a part of conductor-layer 2a 
of an I/O part, and applying offset 6. furthermore, two resonators are straddled on the firont face of the 
dielectric substrate 1 — as — conductor-layer 2a — a gland and conductor-layer 2b — a signal — the 
transmission line of a secondary both-sides short circuit is formed by forming the KOPURENA track 4 used 
as a conductor to the waveguide which is a principal ray way. The same effectiveness as the gestalt of the 
1st operation is realizable with this secondary transmission line. Moreover, as the gestalt of the 2nd 
operation and the gestalt of the 3rd operation described, the track of the track of both-ends disconnection 
and a single-sided short circuit, and single-sided disconnection is sufficient as the gestalt of a transmission 
Une, and it may change the number of transmission lines. 

[0012] Also in this case, although the property of a filter can be adjusted with the same configuration as the 
gestalt ( drawing 5 ) of the 5th operation, since I/O is made into the KOPURENA track, flip chip mounting 
is easily possible. Cross-section structural drawing of the filter of a configuration of that flip chip mounting 
can adjust a filter shape and a moxmting substrate is shown in drawing 9 as a gestalt 9 of operation, the 
conductor formed on the flip chip mounting substrate 9 with the bump 1 1 when carrying out the flip chip of 
the filter substrate — the too hastily connecting point of the transmission line of a both-ends short circuit can 
be adjusted by connecting conductor-layer 2a and conductor-layer 2b through a piece 10. This can adjust a 
filter shape like the case of a bonding wire 7. 

[0013] Moreover, by the same approach as the gestalt of the 7th operation, although control of the slot line 
mode is possible, there is also an approach which used flip chip mounting. The cross-section structure of the 



filter of a configuration of controlling the slot line mode by flip chip mounting as a gestalt of the 10th 
operation and a mounting substrate is shown in drawing 10. the conductor formed on the flip chip mounting 
substrate 9 with the bump 1 1 when carrying out flip chip mounting of the filter substrate - the same 
effectiveness as a bonding wire 7 is realizable through a piece 10 by connecting between conductor-layer 2a 
of the both sides of conductor-layer 2b. 

[0014] Although the die length of the resonator of a direction parallel to the propagation direction of a signal 
was here made or less [ of the guide wave length ] into 1/2, one half of integral multiple extent of the guide 
wave length is sufficient. Moreover, as a secondary transmission line, although the example of a 
KOPURENA track was shown, a slotted line way can also be used, for example. Moreover, although four 
steps of examples were shown as a number of stages of a filter, a number of stages may be fluctuated so that 
a request property may be acquired. 
[0015] 

[Effect of the Invention] As explained above, in invention according to claim 1, in a dielectric-waveguide 
mold band-pass filter, a secondary transmission line is formed to the main transmission line which spreads a 
waveguide of the planar track established in the conductor side on a dielectric substrate, an attenuation pole 
can be formed out of band [ a filter ], and an out-of-band oppression property is improved. Thereby, the 
number of stages of a filter can be reduced and a miniaturization becomes possible. Furthermore, compared 
with the case where it forms on a metal waveguide, it can perform forming a planar track on a dielectric 
waveguide easily, and it becomes improvable [ the out-of-band oppression property of a filter ] by the easy 
configuration. Moreover, the improvement in the yield on manufacture is attained by reduction of the 
number of stages of a filter. In the filter which has the false waveguide structure which consists of invention 
according to claim 2 in the beer hall which connects the up conductor layer and lower conductor layer of a 
dielectric substrate fi-ont face, by having established the planar track in the conductor side on a dielectric 
substrate, an attenuation pole can be formed out of band [ a filter ], and an out-of-band oppression property 
is improved. In invention according to claim 3, when the planar track established on the dielectric substrate 
tums into a secondary transmission line which connects between resonators, an attenuation pole is formed 
and an out-of-band control property is improved. In invention according to claim 4, by making the planar 
track formed in the dielectric front face into the KOPURENA track which consists of two coupling slots, 
electric field can concentrate on a slot and the property of a filter can be improved, the signal which 
constitutes a KOPURENA track from invention according to claim 5 — the gland of the both sides of a 
conductor — a conductor — between ~ a conductor — by connecting by the piece, it can control that the slot 
line mode occurs as the higher mode of a KOPURENA track, and degradation of the property of the filter by 
the slot line mode can be prevented, the conductor for filter adjustment in the conductor of the both sides of 
the slot which constitutes a planar track from invention according to claim 6 — when a piece connects, the 
location of the short circuit edge of the track which has a short circuit edge is adjusted, and adjustment of a 
filter shape is attained, invention according to claim 7 — a KOPURENA track — at least ~ one side — an 
open end ~ it is — a signal ~ fi-om the open end of a conductor — separating - the 1st conductor ~ a piece 
forms — having — the 1st conductor — a piece and a signal — the 2nd conductor for filter adjustment in a 
conductor — when a piece connects, the location of the open end of the track which has an open end can be 
adjusted, and adjustment of a filter shape is attained. In invention according to claim 8, the filter in which 
flip chip mounting is possible can be offered fi-om forming the conversion structure fi'om a KOPURENA 
track to a waveguide, the conductor formed on the flip chip mounting substrate in invention according to 
claim 9 — when the conductor which constitutes a planar track is connected by a piece and the bump, the 
filter which can adjust a property to coincidence can be offered possible [ control of the slot line mode ]. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is structural drawing by this invention showing the gestalt of the 1st operation, and (a) is the 
plan of a filter base plate and (b) is the sectional view of alternate long and short dash line A- A'. 
[Dravying 2] It is structural drawing by this invention showing the gestalt of the 2nd operation. 
[Drawing 3] It is structural drawing by this invention showing the gestalt of the 3rd operation. 
[Drawing 4] It is structural drawing by this invention showing the gestalt of the 4th operation. 
[Drawing 5] It is structvu'al drawing by this invention showing the gestalt of the 5th operation, and (a) is the 
plan of a filter base plate and (b) is the sectional view of alternate long and short dash line B-B\ 
[Drawing 6] It is structm-al drawing by this invention showing the gestalt of the 6th operation, and (a) is the 
plan of a filter base plate and (b) is the sectional view of alternate long and short dash line C-C*. 
[Drawing 7] It is structural drawing by this invention showing the gestalt of the 7th operation, and (a) is the 
plan of a filter base plate and (b) is the sectional view of alternate long and short dash line D-D*. 
[Drawing 8] It is structural drawing by this invention showing the gestalt of the 8th operation, and (a) is the 
plan of a filter base plate and (b) is the sectional view of altemate long and short dash line E-E'. 
[Drawing 9] It is structural drawing by this invention showing the gestalt of the 9th operation. 
[Drawing 10] It is structural drawing by this invention showing the gestalt of the 10th operation. 
[Drawing 11] It is structural drawing by the conventional example, and (a) is the plan of a filter base plate 
and (b) is the sectional view of altemate long and short dash line F-F*. 

[Drawing 12] It is drawing showing the improvement effect of the out-of-band oppression property on a 
KOPURENA track. 

[Drawing 13] It is drawing shovsdng the filter shape which has two attenuation poles in a low frequency side. 

[Drawing 14] It is drawing showing the filter shape which has an attenuation pole in a low fi-equency and 
RF side, respectively. 
[Description of Notations] 

I. Dielectric Substrate 
2a Up conductor layer 
2b Signal conductor layer 
2c Lower conductor layer 

3a The beer hall which constitutes a side attachment wall 
3b The beer hall which constitutes an inductive window 

4. KOPURENA Track 

5. KOPURENA- Waveguide Conversion 

6. Offset 

7. Bonding Wire 

8. Conductor — Piece 

9. Dielectric Substrate for Flip Chip Mounting 

10. Conductor Formed on Dielectric Substrate for Flip Chip Moimting — Piece 

I I . Bump 
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